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Background. Declining levels of physical activity coupled with the rising incidence of childhood obesity in developing countries are of 
health concern. Current daily recommendations for preadolescent children are to accumulate 60 min of moderate physical activity per 
day. In South Africa, physical education forms part of the life skills curriculum, but children have limited school time to engage in physical 
activity. As many obesogenic behaviours are learnt in childhood and track into adulthood, physical activity should be promoted at a young 
age and should be a research priority. 
Objectives. To explore and determine the association between body mass index (BMI) and daily physical activity levels as expressed in 
metabolic equivalent of task (MET) in 7 - 10-year-old children in quintile-5 English-medium primary schools in Port Elizabeth.
Methods. A quantitative, descriptive, one-way, cross-sectional design utilising random sampling was used. A once-off survey comprised 
anthropometric assessment of height and weight of 713 participants. Age- and gender-specific prevalence rates of overweight, obesity and 
underweight were calculated based on the International Obesity Task Force (IOTF) cut-off points. One-way analysis of variance (ANOVA) and 
χ2 tests were performed. A validated once-off interviewer-administered physical activity questionnaire was utilised to determine daily energy costs. 
Results. The BMI of the majority of children fell within the norm and was coupled with high levels of daily physical activity (average of 
893 METs). No significant relationship was found for BMI and physical activity (p=0.8). 
Conclusion. Daily level of physical activity is not significantly related to BMI in urban children from an economically privileged setting. 
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Physical inactivity in young children is of concern 
because of the increasing prevalence of obesity, 
type 2 diabetes mellitus, cardiovascular disease and 
lack of fitness, which are precursors of adult chronic 
disease. [1] Excessive adiposity is caused mainly by an 
imbalance between energy intake and energy expenditure. Multiple 
factors are interrelated and contribute to the complexity of obesogenic 
behaviour. [2] Physical activity improves cardiovascular fitness, body 
composition, blood lipid levels, and skeletal and psychological health 
in young children.[3] South Africa (SA) has the 4th highest prevalence of 
physical inactivity in Africa when assessed by global surveillance ques-
tionnaires. [4] The SA youth risk behaviour survey reported that less than 
a third of young children surveyed participated in physical activity, and 
~42% fell short of the minimum standardised recommendation, [5] and 
SA children have among the highest prevalences of overweight (pre-
obesity) and obesity globally and in sub-Saharan Africa. [6]
Health recommendations for preadolescent children are to accumu-
late at least 60 min of physical activity daily or to engage daily in 
moderate to vigorous physical activity for at least 50% of physical 
education class time in school.[7] Currently in SA, due to restructuring of 
the school curriculum, physical education has lost formal instruction 
time to the life skills subject. Therefore, children have limited oppor-
tunity to engage in the recommended daily amount of physical activity 
in order to benefit from a healthy lifestyle and prevent premature 
onset of chronic disease. The Health of the Nation study[8] pleads for 
the reintroduction of physical education as a separate school subject and 
reiterates the need for enhancing physical fitness among school children. 
The prevalence of childhood obesity in developing countries is asso-
ciated more with children from a higher socioeconomic background 
than their less economically privileged counterparts.[9] According to 
Rossouw et al.,[6] relevant published studies in higher socioeconomic 
prepubertal children in SA are scarce, as most researchers have focused 
on undernutrition in rural areas. It was thus deemed important to 
explore and determine associated physical activity levels based on 
recently acquired anthropometric data for 7 - 10-year-old urban 
children in financially privileged (quintile 5) English-speaking primary 
schools, in Port Elizabeth in the Eastern Cape Province. 
Methods
A descriptive, one-way, cross-sectional research design with baseline 
anthropometric measures of weight and height was used.[10] Body 
mass index (BMI) was calculated for each child. Table 1 displays 
the range of grades, BMI scores and z-scores according to which 
the children were categorised using the International Obesity Task 
Force (IOTF) method. [11] Physical activity was measured using an 
interviewer-administered physical activity questionnaire (PAQ) as 
a validated assessment tool for SA primary-school children.[12] Daily 
physical activity levels were reported with assistance from parents or 
guardians. The metabolic equivalent of task (MET) was used to assess 
daily energy expenditure during activities.[13] The Nelson Mandela 
Metropolitan University (NMMU) Research Ethics Committee: 
Human approved the study (H12-HEA-HMS-002).
The NMMU Department of Education provided a list of all 
109 primary schools in Port Elizabeth, of which 28 were quintile 5 
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English-medium primary schools. Randomised sampling was used 
to select 10 schools from which to sample participants.[10] Only four 
of the principals gave voluntary consent to participate in the study. 
The target population comprised 713 7 - 10-year-old children. 
Rationale for inclusion of this age group was that body mass was 
unlikely to be affected by developmental changes associated with 
puberty or infancy. Demographic data pertaining to age, gender, 
ethnicity and home language of the children are presented in Table 2. 
For statistical analysis, four of the participants were excluded based on 
the home language variable, as they fell outside the inclusion criteria 
for this study. Therefore, the total sample population comprised 
709 children.
A booklet containing the PAQ and demographic information was 
given to the children by their teacher, to be completed by parents or 
guardians a week prior to the scheduled anthropometric assessments. 
Parental informed consent and assent forms for children to be 
signed prior to voluntary participation were included in the booklet. 
Anthropometric measurements of weight and height were reported 
in the booklet for every participant. Trained postgraduate research 
assistants did the measurements in private classroom settings and 
completed assessments within 1 month of appointment times. Children 
were measured according to school grade and gender. Assessment 
methods were explained to the children to familiarise them with the 
measurements and to reduce any uncertainty or anxiety among them.
Standardised protocol of the American College of Sports 
Medicine[14] was used to do assessments. The anthropometric 
instruments were calibrated prior to measurement at all four schools. 
Height was measured to the nearest 0.1 cm using a Charder HM 
200 PW stadiometer (Charder Medical, Taiwan). Children stood 
barefoot in the anatomical zero position, and height was recorded in 
the midsagittal plane from the soles of the feet to the vertex.
A Scalemaster Jadever model JWI scale 86 (Scalemaster, Taiwan) was 
used to measure weight to the nearest 0.01 kg. The children were bare-
foot and wore minimal clothing. They had to stand still while being 
measured, with body weight distributed equally between their feet.
Physical activity was expressed in terms of MET to calculate energy 
spent during activities.[13] MET is defined as the ratio of metabolic cost 
during an activity to a reference metabolic rate of 3.5 mL O2.kg-1.min-1 
and is equivalent to 1 kcal.kg-1.h-1 or 4.184 kJ.kg-1.h-1.[13]
Quantitative data analysis was done by means of the Statistica 
version 9.0 computer processing package (StatSoft Inc., USA).[15] 
Variables of age, gender, BMI (z-scores) and MET levels were reported 
as means and standard deviations (SDs). One-way analysis of variance 
(ANOVA) determined whether statistical differences existed for BMI 
and MET levels. Chi-square tests established where these differences 
existed for the age cohorts and the selected variables. Significance was 
accepted at p<0.05. 
Results 
Height, weight and BMI of the children have been reported and 
discussed in detail elsewhere.[16] Table 3 illustrates descriptive data 
obtained for BMI and MET levels for the total group. 
Descriptive results indicate that 65% of the children were of 
normal weight, 21% were overweight, 10% were obese and 4% were 
underweight (Fig. 1). The highest prevalence of overweight (25%) 
was found in children aged 10, and the highest incidence of obesity 
(13%) was found in 8-year-old children. Results analysed for gender 
effect showed that 19% of the boys were overweight and ~7% were 
obese, whereas 4% were underweight. In comparison, 23% of girls 
were overweight, 12% were obese and 5% were underweight. ANOVA 
indicated a significant difference in BMI IOTF z-scores between boys 
and girls (p<0.05) as reported in detail elsewhere.[16]
The normative gender-specific IOTF cut-off criteria[11] were used 
to quantify obesity and overweight rates among participants. These 
values represent cut-off points chosen as percentiles that match adult 
cut-offs for BMI values. Based on a child’s current BMI and age, their 
BMI at age 18 years can be predicted. The reference criteria used to 
categorise the sample population of children is set out in Table 4.
The average daily energy expenditure of the participants was 
881.6 METs. The range was large, as indicated by an SD of 471.6 METs. 
The relationship between BMI IOTF z-score categories and daily MET 
energy expenditure for 7 - 10-year olds is presented in Table 5. The 
highest energy expenditure and prevalence of overweight (25%) for 
Table 1. IOTF BMI criteria[11]
Grade BMI range at 18 years z-score
Thinness grade 3 <16 –3
Thinness grade 2 16 - <17 –2
Thinness grade 1 17 - <18.5 –1
Normal weight 18.5 - <25 0
Overweight 25 - <30 1
Obesity ≥30 2
IOTF = International Obesity Task Force; BMI = body mass index.
Table 2. Description of participants
Boys, n Girls, n Total, n
Age (years)
7 90 84 174
8 81 86 167
9 109 89 198
10 92 82 174
All groups 372 341 713
Ethnicity 713
 White 449
 Black 125
 Mixed race 91
 Asian 48
Home language 709*
 English 547
 Afrikaans 54
 IsiXhosa 108
*Missing data for four participants.
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the age groups was found in the 10-year-olds. 
Seven-year-olds expended the least energy and 
were the least active of all. Although 8-year-
olds showed the highest obesity incidence, 
they obtained relatively high MET energy 
expenditures.
One-way ANOVA showed no significant 
relationship between daily physical activity 
levels and BMI categories for gender for any 
of the age groups.
Discussion
Declining levels of physical activity and sub-
sequent increased sedentariness seem to have 
become normative lifestyles for many SA 
children. Evidence of physical inactivity in child-
ren was found in the follow-up SA national 
risk behaviour survey, which found that 42% 
of children had insufficient daily physical 
activity levels.[5] A study done on a smaller scale 
reported that only 27% of a total of 30 children 
met the daily standardised requirements.[12] 
Children of optimal BMI performed the 
most physical activity daily in the current 
study. Th is fi nding that physical activity is 
a meaningful contributor to healthy living 
and weight a with what has been reported 
in the literature.[3] Although pre-obesity was 
found to be most prevalent in 10-year-olds, 
they performed the most physical activity 
daily. Th is supports an SA study that found 
that overweight children do accumulate the 
required level of daily physical activity. [17] 
BMI does not account for the increased 
lean muscle mass associated with growth 
and physical development in children and 
could have influenced the overestimation 
of pre-obesity. Th e current study found that 
8-year-olds were the most obese, but had 
relatively high daily energy expenditure. It 
is informative to realise that obesity is more 
prevalent among younger children, despite 
their being physically active. Th is contrasts 
with a study[18] that found insuﬃ  cient levels 
of physical activity in 7-year-old obese 
children due to bodily discomfort and a 
lack of motor skills and self-confidence. 
It is difficult to identify causal pathways, 
as factors contributing to obesogenic 
behav iour in children are complex and 
interrelated. Although this study explored 
the association of BMI and physical activity 
as a single aetiological variable, the question 
is whether overweight and obese children 
should exceed the standard physical activity 
recommendation to derive similar benefi ts 
as their normal-weight counterparts, and 
whether to argue for weight management 
similar to adult guidelines. In accordance 
with the literature, children in the thinness 
grade 2 category were the least active of all 
participants, and their insuﬃ  cient physical 
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Fig. 1. BMI IOTF z-scores and classifi cation of total group according to age. (BMI = body mass 
index; IOTF = International Obesity Task Force.)
Table 3. Descriptive data for BMI and MET level of total group
Variable n Mean (SD)
BMI (kg/m2)
Total 713 18.4 (3.2)
Boys 372 18.0 (2.8)
Girls 341 18.7 (3.6)
BMI (IOTF z-score)
Total 713 0.4 (0.7)
Boys 372 0.3 (0.7)
Girls 341 0.4 (0.8)
Age (years) 713 9.0 (1.1)
Daily MET expenditure 713 881.6 (471.6)
BMI = body mass index; MET = metabolic equivalent of task; SD = standard deviation; IOTF = International Obesity Task Force.
Table 4. BMI criteria (IOTF z-scores) and classifi cation of total group
Grade BMI range at 18 years z-score n (%)
Th inness grade 3 <16 –3 1 (0.1)
Th inness grade 2 16 - <17 –2 5 (0.7)
Th inness grade 1 17 - <18.5 –1 24 (3.4)
Normal weight 18.5 - <25 0 464 (65.1)
Overweight 25 - <30 1 149 (20.9)
Obesity ≥30 2 70 (9.8)
All groups 713 (100)
BMI = body mass index; IOTF = International Obesity Task Force.
118   SAJSM  VOL. 26  NO. 4  2014
activity has been ascribed to being sedentary for an average of 4 h per 
weekday and 6 - 8 h per day at weekends.[19] 
The results demonstrated that physical activity and BMI for young 
urban children from economically privileged primary schools is not 
significantly related and is in alignment with inconclusive evidence 
found in the literature.[2] Although this study provides valuable 
information pertaining to the above, certain limitations existed 
that are inherent to the use of self-administered questionnaires. 
Thus, challenges arose in the measurement of daily physical activity. 
Furthermore, quantification of physical activity by using different 
instruments, varying from self-report questionnaires and pedometers 
to accelerometers, impedes comparative studies.[12] Most of the relevant 
studies on children do not differentiate clearly between physical activity, 
exercise and sport, therefore complicating variables when contrasting 
evidence. Applicability of the results to the broader urban population of 
young quintile 5 primary-school children in SA should be approached 
with caution, as the response rate of the principals was low. 
Conclusion
Childhood overweight and obesity prevalence and lack of physical 
activity in 7 - 10-year-olds in financially privileged primary schools in 
a city in the Eastern Cape are relatively high. Children of optimal weight 
performed the most daily physical activity. The incidence of pre-obesity 
is more prevalent in 8-year-olds than in 10-year-olds. When BMI is 
coupled with energy expenditure, the 8-year-olds engaged in above-
average levels of physical activity for the total group. Although pre-
obesity was the highest in 10-year-olds, they were the most active on a 
daily basis. Underweight occurrence was extremely low, and children 
in the low BMI category were the least active of all participants. Results 
did not reveal a significant relationship between daily level of physical 
activity when expressed as MET energy expenditure and BMI. 
Recommendations for future research 
Overall, conflicting results emerged from evidence on the association 
between BMI and level of physical activity in young urban children 
from financially advantaged primary schools. The current study 
did not reveal a relationship between BMI and daily levels of 
physical activity. The establishment of a universally accepted set 
of classification criteria and cut-off points for defining overweight 
and obesity in children needs further exploration. Although an 
internationally accepted valid and reliable PAQ for South Africans 
was used to assess energy expenditure, more rigorous measures of 
daily physical activity through actigraphy should be used in future 
studies.
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Table 5. IOTF BMI z-scores and daily MET expenditure
Age 
(years) 
Thinness grade 2 Thinness grade 1 Normal Overweight Obese All groups
n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
7 - -  3 795 (494.9) 121 831 (474.8) 35 760 (335.1) 15 665 (254.7) 174 802 (434.9)
8 2 595 (120.9) 8 979 (533.9) 105 870 (562.6) 31 839 (368.3) 21 1 129 (820.2) 167 899 (570.3)
9 1 507 (0) 7 521 (141.9) 129 910 (432.0) 40 799 (344.3) 21 825 (438.1) 198 863 (414.8)
10 2 1 035 (159.8) 6 872 (648.3) 109 963 (437.1) 43 1 000 (409.2) 13 782 (373.6) 173 956 (431.4)
IOTF = International Obesity Task Force; BMI = body mass index; MET = metabolic equivalent of task; SD = standard deviation.
